The Drosophila sprouty protein is a recently-identi®ed intracellular modulator of FGF and EGF receptor tyrosine kinase activity which antagonises ras/MAP kinase signalling. In a differential display analysis to identify genes involved in patterning the mid/hindbrain region of the chick neural tube, we have identi®ed a sprouty orthologue, sprouty2. Here we report expression of sprouty2 transcripts in the developing chick embryo. We ®nd a close correlation with known sites of FGF activity but little correlation with expression patterns of members of the EGF family. Initially, transcripts are associated with the primitive streak. During the period of neural tube patterning expression is detected in the anterior neuropore, in the isthmic region and in neural plate and posterior spinal cord. Transcripts are also detected in the otic placode, tail bud, mesoderm of the branchial arches, somitic myotome, retina, limb buds and gut mesenchyme; all known sites of FGF action. q
Results and discussion
Sprouty was ®rst identi®ed as an inhibitor of tracheal branching in Drosophila where it antagonised the Branchless (Bnl) ®broblast growth factor (FGF) pathway to restrict branch budding (Hacohen et al., 1998) . Initially identi®ed as a secreted antagonist of FGF signalling (Hacohen et al., 1998) , more recent studies suggest that it is an intracellular antagonist of the ras/MAP kinase pathway which functions by binding to and inhibiting activity of Drk and Gap1 (Casci et al., 1999) . Moreover, in Drosophila it antagonises both FGF and epidermal growth factor (EGF) receptor signalling (Casci et al., 1999; Kramer et al., 1999; Reich et al., 1999) . In a differential display screen to identify novel genes involved in patterning midbrain and anterior hindbrain, we identi®ed the chick homologue of the human and mouse sprouty orthologues: sprouty2 (Chambers et al., 1999) . The effects of inhibiting sprouty2 expression in organ cultures of mouse lung are consistent with it functioning as an antagonist of FGF signalling in branching morphogenesis (Tefft et al., 1999) . Studies in Drosophila have shown that sprouty is inducible by the EGF signalling pathway that it antagonises (Casci et al., 1999) and we have shown that sprouty2 is rapidly induced by ectopic FGF8 protein within the neural tube (Chambers et al., 1999) . Here we provide the ®rst detailed description of sprouty2 expression in a vertebrate embryo and establish a close correlation with known sites of FGF signalling.
Sprouty2 transcripts were ®rst detected at gastrulation and neural induction stages (stage 4 of Hamburger and Hamilton, 1951; HH4) associated with the primitive streak (Fig. 1A) . At this stage, expression was apparent in both the ectoderm and mesendoderm of the primitive streak (Fig.  1B) . Transcripts were transiently detected in the extending head process (Fig. 1C ) but apparent levels of expression rapidly diminished (Fig. 1D) , becoming undetectable by the onset of somitogenesis (HH7) while remaining strong in the primitive streak (Fig. 1E) . We recently reported similar transient expression of Fgf4 in the head process and Fgf3 is expressed in the overlying medial neural plate (Mahmood et al., 1995a; Shamim and Mason, 1999a) . sprouty2 mRNA persisted in newly formed mesoderm associated with the primitive streak throughout subsequent development (Fig.  1E ,F.H,J) and later, was present in mesoderm and neural tube in the tail bud (Fig. 1N ,S,X,Y).
From early somitogenesis, the sprouty2-positive domain extended into the paraxial mesoderm adjacent to the neural tube and was also present in the most posterior neural plate extending into the posterior spinal cord to the level of the Expression detected in an HH21 embryo (arrows indicate limb buds). Abbreviations: a, anterior; e, ectoderm, i, isthmus; l, lens; m, mesenchyme; mes, mesoderm. n, neuropore; np, neural plate; nt, neural tube; op, otic placode; p, posterior; ps, primitive streak; r, rhombomere; rpe, retinal pigment epithelium; rt, retina.
most recently-formed somite (Fig. 1G,H,J,K) . Interestingly, FGF signalling has been implicated in posteriorisation of the neural tube and regulation of Hox genes at spinal cord levels (see Pownall et al., 1998 for review and references).
As expected from the results of our differential display analysis, sprouty2 transcripts were detected in the presumptive mid/hindbrain region (Muhr et al., 1997 ) from HH9-( Fig. 1G ; Chambers et al., 1999) . When neuromere boundaries became apparent, sprouty2 mRNA was detected in the isthmus and throughout rhombomere 1 (r1; Fig. 1H,I ). Initially expression was uniform in r1 (Fig. 1L ) but later (HH15) a gradient of apparent transcript abundance was detected with highest levels associated with the isthmus (Fig. 1O) . At these later stages sprouty2 mRNA was also detected in the posterior midbrain (Fig. 1N,S,Y) . These data are of particular interest given the established role of Fgf8, expressed at the isthmus, in patterning midbrain and anterior hindbrain (see e.g. Meyers et al., 1998; Riefers et al., 1998; Martinez et al., 1999; Picker et al., 1999; Shamim et al., 1999a; Irving and Mason, 2000 and references therein) .
Expression was also weakly detected in the anterior neural folds (Fig. 1F ) and later at higher levels in the anterior neuropore (Fig. 1H,I ,T). In older embryos transcripts persisted in the ventral forebrain (Fig. 1S,T,Y) ; again, FGF8 has been implicated in the patterning of this tissue (Shimamura and Rubenstein, 1997).
Complex expression of sprouty2 was detected in tissues adjacent to the posterior hindbrain. In this territory, expression was ®rst detected from HH92 (Fig. 1G) . In older embryos this territory was adjacent to r4-6 (Fig. 1H,I ) and transverse sections showed that sprouty2 mRNA was present in both the otic placode and adjacent mesenchyme (Fig. 1M ) in a region precisely adjacent to the domain of Fgf3 expression within the hindbrain (Mahmood et al., 1995a) . However, by HH15 the otic vesicle lacked transcripts while adjacent branchial arch mesenchyme still expressed sprouty2 RNA (Fig. 1N,P) . At this stage mesenchyme of all arches expressed sprouty2 (Fig. 1P) , but by early limb bud stages expression was restricted to the mesenchyme of the posterior maxillary process and anterior mandibular process (Fig. 1Y) .
Sprouty2 was detected in developing limb bud mesenchyme from HH18 but was always absent from the apical ectodermal ridge (AER) and ectoderm (Fig. 1S,V,Y) . Both Fgf8 and Fgf10 have been implicated in speci®cation and outgrowth of the limb bud (Crossley et al., 1995; Mahmood et al., 1995b; Vogel et al., 1996; Ohuchi et al., 1997) . Other sites of sprouty2 expression include cardiogenic mesenchyme (Fig. 1E ), somitic myotome (Fig. 1Q) , developing lens and retina (Fig.1 R,U) and mesenchyme of the developing gut (Fig. 1W) . The development of all these are tissues is believed to be regulated by FGF signalling.
Taken together, the observed expression pattern of sprouty2 transcripts closely corresponds to known sites of FGF expression in the chick embryo (see e.g. Mahmood et al., 1995a,b; Shamim et al., 1999a; Shamim and Mason, 1999) and to tissues in which FGF has been demonstrated to play a key regulatory function during development (primitive streak, spinal cord, mid/hindbrain, anterior forebrain, retina, lens and limb bud). By contrast, the spatial and temporal pattern of expression bears little resemblance to the distribution of EGF and EGF-related ligands or receptors at the stages studied (e.g. see Dixon and Lumsden, 1999) . However, our data from the limb buds indicate that sprouty2 is not expressed in all tissues in which FGF receptors (FGFR) are activated since Fgf10 signalling to the AER through FGFR2iiib is not associated with sprouty2 expression in the AER (Ohuchi et al., 1997 and see Walshe and Mason, 2000 for summary of receptor expression patterns). However, since FGF can induce sprouty2 transcription within minutes in neural tissue (Chambers et al., 1999) our data indicate that sprouty2 expression may provide a valuable insight into both spatial and temporal aspects of FGF-action, albeit if not identifying all FGF target tissues.
Materials and methods
Embryos were staged according to Hamburger and Hamilton (Hamburger and Hamilton, 1951) and in situ hybridisation and sectioning performed as described by Shamim et al., 1999b . Isolation and characterisation of the chicken sprouty2 cDNA is described elsewhere (Chambers et al., 1999) .
